A disease in Angus calves was characterised by shedding of the epidermis with ulceration and inflammation of the oral mucosa and the skin of carpus, metacarpalphalangeal joints, phalanges, coronary border, and with partial separation of the hooves. The pathogenesis of these lesions involves a breakdown of intercellular adhesions associated with anomalous development of the desmosome-tonofilament complexes in the basal and prickle cells of the epidermis. The breeding and clinical history suggested a genetic cause. The disease was called 'familial acantholysis of Angus calves'.
Cutaneous disease of the newborn characterised by bullous eruption and ulceration may be caused by infectious, allergic, toxic and physical agents or be of genetic origin. One important group of inherited human bullous disorders is characterized by acantholysis, the breakdown in cohesion of the cells of the stratum spinosum owing to a defect of intercellular desmosomes. This group includes benign familial pemphigus (Hailey-Hailey disease), hyperkeratosis follicularis vegetans (Darier's disease), and pemphigus vulgaris and pemphigus foliaceus [2] . A second group of inherited bullous diseases of man is designated epidermolysis bullosa and includes several variants with differing manifestations and modes of inheritance.
A congenital bullous and ulcerative dermatosis of Angus calves that appears to be inherited and involves acantholysis is described.
Clinical History
Ten affected calves of both sexes have been born on two farms in a 3-year period. Of six calves born on farm I, five were in a pedigree Angus herd and one in a nonpedigree herd run in conjunction and containing similar genetic lines. Four cases occurred in a nonpedigree Angus herd on farm II. Although these two farms were not connected, analysis of breeding records showed that all affected calves were related and known to be or suspected of being descended from bull A on both the sire and dam's side (fig. I). No information was available on the parentage of one calf on farm I. Of the nonpedigree calves, precise information was not available as to identity of dams, but on the second farm daughters of bull B were mated to bull C, a half sibling. It is not known how many individual dams were involved on farm II since it is possible that the same dam gave birth to more than one affected calf.
Material and Methods
Six calves were necropsied. Four others were reported by the owner of farm 1 to have had similar lesions. All six calves were killed when 2 to 6 weeks old with sodium pentobarbitone intravenously and immediately necropsied. Selected areas of skin, nasolabium, and hard palate were fixed in Karnovsky's solution at 4 0 C within 5 min of death for subsequent embedding in epoxy resin via a propylene oxide series. Similar tissues were fixed in Bouin's solution or 10% formol saline before preparation of paraffin-embedded sections. Thick (I urn) epoxy resin sections were stained with toluidine blue and haematoxylin and phloxine for light microscopy and thin sections with aqueous uranyl nitrate followed by lead citrate [8] for electron microscopy. Paraffin sections were stained with haematoxylin and eosin (HE), periodic acid-Schiff (PAS) and Picro-Mallory trichrome stains. These latter sections were pretreated with hydrogen peroxide for 48 h to bleach melanin granules. 
Res ults
Necropsy Findings All calves were in poo r to emaciated co nd ition. There was a n ulcerat ive a nd exu dative inflammatio n of th e sk in pa rt icul arl y affecting th e lips, nasolabium , th e a nterior as pec t of t he ca rpus, the met acarp al-phal a ngeal joi nts , the phala nges a nd coronary bo rder of the hooves ( fig. 2 ). Many affected a reas were covered by a brown fissure d scab, whic h when removed exposed a red, oo zing, gra nular surface. T he hooves were pa rtia lly separated from th e unde rlying co rium, a nd th ere were irr egul a r ulcers of various sizes o n the tongue, ha rd a nd so ft pal at es a nd ging ivae . ] n o ne ca lf th ere was ulceratio n of th e proxim al oesophag us. At th e edge of ski n lesion s, th e epi de rmis co uld be read ily pee led fro m th e und erlyin g tissue. Elsew here t he hair co uld be plucked more eas ily tha n normal, wit h some epidermis occasiona lly ad-hering to the base of the tuft plucked. In three calves the apparently intact epidermis of the nasolabium, hard palate and tongue could also be peeled off the underlying tissue.
No intact bullae were seen grossly in either the skin or oral mucosa. No gross abnormalities were found in any other system.
Light Microscopy
On the most severely affected areas of skin, the epidermis was lost, and the dermis was covered by granulation tissue. Adjacent areas still covered by epithelium were either intact or showed degeneration and separation of prickle cells, prickle and basal cells and sometimes basal cells from the underlying dermis ( fig. 3 ). This resulted in the formation of small bullae with subsequent shedding of the detached epithelium to form ulcers ( fig. 4 ). In some cases bullae were located in the epidermis, presumably as the result of regeneration of basal epithelium.
In affected areas, numerous basal cells, prickle cells and occasionally granular layer cells contained large eosinophilic intracytoplasmic bodies ( fig. 5 ). The bodies also stained red or blue with Picro-Mallory trichrome but were not stained by PAS. Similar intracytoplasmic bodies were occasionally seen in cells of the more superficial and otherwise normal looking granular layer. Wherever epidermis remained intact, keratinisation appeared normal.
Electron Microscopy
Epidermis from a normal calf ( fig. 6 ) was compared with areas of epidermis from a diseased calf, because they showed increased intercellular space with light microscopy of thick sections. The affected tissues showed loss of adhesion mainly between basal cells and prickle cells, or between prickle cells ( fig. 7 ). Less frequently basal cells separated partially or completely from the basement membrane. The hemidesmosomes attaching basal cells to the basement membrane were normal. Where there was complete loss of adhesion between adjacent cells, the cellular surfaces appeared irregular, lacked desmosomes and had fewer microvilli than in sections of normal cells. Where there was only partial loss of adhesion there were fewer desmosomes than normal and an increased intercellular space ( fig. 7, 8 ). Those desmosomes present occurred mainly between the flat opposed surfaces of adjacent cells ( fig. 8 , inset) rather than between interdigitating cell processes. In both the skin and the mucosa of the hard palate many of the affected epidermal cells contained a mass of tonofilaments arranged more or less in whorls ( fig. 7, 8) . These tonofilaments were seldom associated with desmosomes. Elsewhere the epidermis appeared similar to that seen in the normal control calf. Neither viral particles nor other agents were seen.
Discussion
The close relationship of the various sires and dams, the early onset of the disease (noted at parturition in at least one case), and the fact that four calves out of 14 born to certain matings were affected ( fig. 1 ) suggest that the cause is a genetic defect probably inherited as an autosomal recessive. This hypothesis is supported by the fact that three other clinically similar cases reported from two other properties occurred in calves known or thought to be sired by bulls that are grandsons of bull A (fig. I) . In at least one of these herds it is probable that the sire was mated to daughters of a half brother.
The erosions and inflammatory lesions in this disease appeared to result from sloughing of epidermal cells after a primary acantholytic process. At times this also involved separation of the basal cells from the basement membrane, but this separation seemed to occur less readily than separation between cells of the basal layer or stratum spinosum. The adhesion of normal epidermal cells is by numerous desmosomes between interdigitation processes of adjacent cells (fig. 6 ). The lack of intercellular adhesion was associated with an absence of desmosomes and an anomalous development and arrangement of their associated tonofilaments. The whorls of tonofilaments were presumably the intracytoplasmic inclusions seen with light microscopy. Whether desmosomes and tonofilaments failed to develop normally or whether the lesions reflected a degree of degeneration and reaction after loss of intercellular adhesion could not be determined.
The normal development of epidermis with normal keratinisation over most of the body indicated that the basic structural defect was not severe. Nevertheless, the fact that apparently normal hard palate and nasolabial epidermis could be stripped off the underlying tissues indicated that the weakness in adhesion of cells might be generalised. The distribution of lesions at certain joints, about the feet, on the nasolabium, and in the mouth suggested that stretching or trauma of the epidermis may be necessary to precipitate the acantholytic process. In other areas not submitted to these stresses, intercellular adhesion appeared sufficient to prevent acantholysis and to allow normal keratinisation. Even in affected areas the relatively normal superficial epidermis being shed after separation of the deeper cells ( fig. 4 ) indicated a period of normal development and maturation at these sites prior to separation. This disease has many features similar to epidermolysis bullosa in humans [9] , but ultrastructural studies show a different pathogenesis. In the dystrophic form of epidermolysis bullosa in which lesions commonly involve the mouth and nails, the primary defect is thought to be degeneration of collagen fibrils of the upper dermis leading to detachment of the basement membrane and overlying epidermis [4, 5] . In the lethal form and in the milder simplex form there are degenerative changes in the basal cells, including perinuclear oedema and mitochondrial degeneration [I, [5] [6] [7] . In the bovine disease discussed here the primary defect involves the desmosome tonofilament complex of the basal and prickle cells leading to poor intercellular adhesion. As such it most closely resembles Hailey-Hailey disease (benign familial pemphigus), in which there is also loss of desmosomes and whorls of tonofilaments within basal and prickle cells [3, 10, 11] . Hailey-Hailey disease is inherited as a dominant, and lesions develop mainly on areas of friction such as the neck, axilla, and the groin. It is characterised by the formation of vesicles and bullae that rupture to leave erosions. The different clinical picture and later onset of the disease in man may reflect subtle differences in pathogenesis, species differences in structure of skin, and differences in the mode of life and environmental hazards that are thought to contribute to pathogenesis. The anomalous appearance of the desmosome-tonofilament complexes in both diseases leading to imperfect intercellular adhesion probably reflects a simple (though not necessarily the same) anomaly of a structural protein in these organelles. Simple defects in structural or enzymic proteins are usually inherited in a simple mendelian manner, and this appears to be the case in this disease. It is proposed that this condition be known as 'familial acantholysis of Angus calves'.
